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Modulation of cellular phospholipid fatty acids and
leukotriene B4 synthesis in the human intestinal cell
(CaCo-2)

V C Dias, J L Wallace, H G Parsons

Abstract
The ability of a human colonocyte epithelial
cell line (CaCo-2) to synthesise leukotriene B4
was examined. In addition, the effects of
stimulation with calcium ionophore, inhibition
by a drug which specifically prevents activation
of 5-lipoxygenase, and modification of the fatty
acid composition of membrane phospholipids
on leukotriene B4 synthesis were assessed.
Incubation with calcium ionophore (A23187)
resulted in a dose and time dependent increase
in leukotriene B4 synthesis. After cell phospho-
lipids had been enriched with oleic acid,
linoleic acid, and arachidonic acid, leukotriene
B4 synthesis was found to be increased 3.2-
fold, 55-fold, and 6-1-fold above control.
Treatment with MK-886 inhibited leukotriene
B4 synthesis by 79% to 94% in the various
groups. Variations in the polyunsaturated fatty
acid content of intestinal epithelial cells could
be important in the modulation of cellular
responses. We have shown for the first time in
this human intestinal epithelial cell its ability
to synthesise leukotriene B4. In addition,
leukotriene B4 synthesis can be modulated by
the fatty acid composition of membrane
phospholipids, which can be altered by dietary
fatty acids. The synthesis of chemotatic
factors, such as leukotriene B4, by the mucosal
epithelium may contribute to the recruitment
of granulocytes into the colonic mucosa and
across the epithelium, giving rise to the crypt
abscesses which characterise ulcerative colitis.
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Leukotrienes are potent inflammatory mediators
derived from arachidonic acid primarily through
the actions of the enzymes phospholipase A2 and
5-lipoxygenase.' In recent years, considerable
evidence has been accumulated to support a role
for leukotrienes, particularly leukotriene B4, in
the pathogenesis ofinflammatory bowel disease.2
Leukotriene B4 has potent chemotactic, chemo-
kinetic and proaggregatory effects on neutro-
phils, and has been shown to account for the
majority of chemotactic activity which can be
extracted from biopsies ofinflamed mucosa from
ulcerative colitis patients.3 Furthermore, the
synthesis of leukotriene B4 has been shown to be
markedly raised in the colon of patients with
inflammatory bowel disease.2
The cellular sources ofleukotriene B4 synthesis

in the colon have not been identified.4 There is
evidence that the infiltrating granuloctye is the
major source of leukotriene B4 synthesis in the
inflamed colon of the rat.5 Depletion of
circulating neutrophils with an anti neutrophil
serum, however, did not significantly affect
resting levels ofcolonic leukotriene B4 synthesis,6

suggesting that leukotriene B4 is also produced
by other cells in the colon. One possible source is
the colonic epithelium, which has been shown to
synthesise prostaglandins and thromboxanes.7
Isolated rat colonocytes have been shown to
produce leukotriene B4 as well as other
eicosanoids.'

In the present study, we have used the CaCo-2
cell line as a model ofhuman enterocytes in order
to address the possibility that the epithelium is
an important source of leukotriene B4 synthesis.
CaCo-2 cells are an enterocytic cell line derived
from a human colonic adenocarcinoma, and have
been widely used as a model of the human
intestinal epithelium.9l0 In culture, these cells
spontaneously differentiate to resemble entero-
cytes with functional and morphological
characteristics of enteric villous type epi-
thelia. 11-13 In addition to examining the possibility
that CaCo-2 cells can synthesise leukotriene B4,
we have tested the effects of stimulation with
calcium ionophore, inhibition by a drug which
prevents activation of 5-lipoxygenase, and
modification of the fatty acid composition of
membrane phospholipids.

Methods

CELL CULTURE
The human colonic adenocarcinoma cell line -
CaCo-2 was obtained from American Type
Culture Collection (Rockville, MD) and was
cultured in 25 mm2 flasks (Falcon) or six well
plates (Nunclon). All tissue culture materials
were obtained from Gibco Canada (Toronto,
Ont). The cells were grown in RPMI-1640,
supplemented with 2 mM glutamine, 1 mM
pyruvate, 2% sodium bicarbonate, penicillin
(100 IU/ml), streptomycin (100 ,ug/ml),
gentamicin sulphate (50 [ig/ml), amphotericin B
(2.5 Rg/ml), and 15% fetal calf serum (Gibco,
Canada). Cultures were maintained at 37°C in a
5% C02, 95% 02 atmosphere. They were sub-
cultured every 10 days after exposure to 0.25%
trypsin-EDTA with a plating density of 1:5
(4-5 x 10 cells/ml). Cultures generally reached
confluence by the sixth day after subculture. All
experiments were performed on cells between
passages 19 and 25. Fresh media was exchanged
every two days before confluence and daily
thereafter. For the described experiments,
culture media (enriched with 100 ,umol/l of a
specific fatty acid), was replaced four days after
cultures became confluent. All fatty acid
enrichments were performed in this manner for
10 days. Cell viability, as assessed by trypan blue
exclusion (and in some cases by electron micro-
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scopy), was unaffected by any of the experi-
mental procedures.

IOO ,lM FATTY ACID ALBUMIN MEDIA
PREPARATION
Sodium salts of the fatty acids were obtained
from Sigma Chemicals (St Louis, Mo, USA).
Stock solutions of oleic acid (18:1 n-9), linoleic
acid (18:2 n-6) and arachidonic acid (20:4 n-6), in
95% ethanol (containing 0.0004% BHT), were
kept under nitrogen at -20°C. The necessary
aliquot of stock solution was evaporated
completely under nitrogen, dissolved in 1 ml
RPMI-1640 heated to 56°C and rapidly added to
10 ml of albumin-RPMI containing the appro-
priate amount ofalbumin to maintain at 3:1 fatty
acid:albumin ratio (100 [tmol/1:33 ,umol/l),
under constant stirring at 37°C. This was then
filtered (0.45 um), before being adjusted with
RPMI-1640 containing 2.5% fetal calf serum (as
described under 'cell culture'), so that the final
concentration of fatty acid enrichment was
100 [tmol/1. 'Control' media were prepared
essentially as described above except no fatty
acid was added. Fatty acid enriched media was
freshly prepared every three days and stored at
40C.
TABLE I Fatty acid composition ofthe cell culture media

Oleic Linoleic Arachidonic
Media fatty
acid Control Mole % Composition

C14:0 2-0 09 1-0 0.3
C16:0 24-7 6-5 6-9 65
C18:0 24.5 54 3-8 5.8
C18:ln-9 16-6 68-0 4-4 4-7
C18:2n-6 5 6 3.5 70-1 3.5
C18:3n-3 0-8 0.9 0.3 0-6
C20:0 1-2 1.9 1-3 1.2
C20:ln-9 15 0-8 05 09
C20:3n-6 2-4 1.1 1-2 0.9
C20:4n-6 7-2 2.1 1-6 68-9
C20:5n-3 0.4 0.3 0-2 0.4
C22:0 09 1-5 1.1 09
C22:5n-3 17 0-8 0-6 10
C22:6n-3 18 17 1-1 14
Other* 8-8 4-6 5.9 3.0
Unsaturation 97-8 110.6 172-6 311-2

indext

The control media contained RPMI with 2.5% fetal calf serum.
The oleic acid (18: ln-9), linoleic acid (18:2n-6) and arachidonic
acid (20:4n-6) media contained RPMI with 2.5% fetal calf serum
supplemented with 100 [tM fatty acid, respectively. Aliquots of
culture media were analysed for fatty acid composition by gas
chromatography. Data shown are the mean relative per cent
composition of fatty acids from three different experiments. The
SEM was in every case less than 10%. *Other: includes the sum of
all other fatty acids (not shown) that were less than <0S5% of total
fatty acids. tUnsaturation index: is the sum of the number of
double bonds in each unsaturated fatty acid species.

TABLE II Major phospholipid subclass composition ofCaCo-2 cell

Major phospholipid
subclass Control Oleic Linoleic Arachidonic

%PC 52.6(3.3) 53.4(4.0) 50.8(4.6) 45.4(4.2)
nmol/mg 247.6(15.7) 305-1(12-9) 306.9(16.6) 279.4(20.8)
% PE 19-3 (1-1) 23.4 (1.1)* 23.2 (1.3)* 29.6 (1.7)*
nmollmg 91-0 (5.2) 133.5 (6.2)* 139.8 (7.2)* 181.9 (10.5)*
%PS 16-6(1.2) 11.4(0.9)* 11.0(1.6)* 5.7(0.3)*
nmollmg 78-2(5.4) 64-9(4.9)* 665 (5.4)* 35.3 (2 0)*
%PI 84(06) 8-9 (07) 12.4(1. )* 15.6(1.5)*
nmol/mg 39.7(2.8) 48-6(7-1) 74.8(9.3)* 96.2(16.4)*
%SM 30(09) 3-1(07) 2-6(05) 3-7(06)
nmol/mg 14-3 (2-8) 17-5 (3-1) 15.6 (3.0) 22.5 (4.3)

Total lipids were extracted from CaCo-2 cell homogenates, and individual phospholipid subclasses
were separated as described in the methods. The phospholipid concentration was calculated for each
subclass from their fatty acid concentration which was determined by gas liquid chromotography.
Data are presented as mean (SEM) % phospholipid composition (top), and nmol phospholipid/mg
protein (bottom) from four different determinations. PC: phosphatidylcholine; PE:
phosphatidylethanolamine; PS: phosphatidylserine; PI: phosphatidylinositol; SM: spingomyelin.
* Denotes means that are significantly different (p<005) from the control group.

PREPARATION OF MK-886, CALCIUM IONOPHORE

(A23I87)
MK-886 {3-[ 1 -(4-chlorobenzyl)-3-t-butyl-thio-
5-isopropylindol-2-yl)-2,2-dimethylpropanoic
acid} kindly supplied by Dr A W Ford-
Hutchinson ofMerck-Frosst, Canada (Kirkland,
Quebec, Canada) and the calcium ionophore
(A23187; BMC, Montreal, Canada) were dis-
solved in 95% ethanol at a concentration of
10 mg/ml and stored at -20°C until use. The
appropriate aliquot of stock solution was evapor-
ated completely under nitrogen, dissolved in
1 ml RPMI-1640 heated to 56°C and rapidly
added to albumin-RPMI, under constant stir-
ring as described for fatty acid albumin media.

CALCIUM IONOPHORE (A23I87) STIMULATION
CaCo-2 monolayers grown on six-well plates
were incubated at 37°C in a metabolic shaker
with A23187 concentrations ranging from 0.5 to
10 limol/l for 15 and 30 minutes. At the end of
these times the monolayers were rinsed with ice
cold 0.25% albumin phosphate buffer, and
suspended in 1 ml of the same buffer. Cells were
scraped offthe plate, cell suspensions kept on ice
and homogenates were prepared by sonication.
Aliquots were then taken for leukotriene B4 and
protein analysis.

INHIBITION OF LEUKOTRIENE SYNTHESIS BY MK-
886
MK-886 at a final concentration of 10 itmol/l
was prepared and added to the fatty acid enriched
media as described above. Media containing
final concentrations of both fatty acid
(100 j.mol/l) and MK-886 (10 ,imol/l) were
added to CaCo-2 cultures for the latter half of the
enrichment period (usually for five days) before
stimulation with calcium ionophore (10 imol/l
for 30 minutes). 'Control' media was prepared
essentially as described containing MK-886, but
without fatty acid enrichment. Cells were
harvested and homogenates prepared as des-
cribed above. Aliquots were then taken for
leukotriene B4 and protein analysis.

LEUKOTRIENE AND PROTEIN ASSAYS
The amount of leukotriene B4 in the cell
homogenates was determined by a specific radio-
immunoassay as described in detail previously.5
The antiserum crossreacts at <0 05% with other
metabolites or arachidonic acid.

High performance liquid chromatography
To validate the efficacy ofour radioimmunoassay
leukotriene B4 assay, attempts were made to
characterise the leukotriene B4 synthesised by
these cells. Lipoxygenase products were
extracted from cell homogenates and separated
by reversed phase high performance liquid
chromatography in the laboratory of Dr P
Borgeat (Universal of Laval, Quebec, Canada),
as previously described. 14 Fractions ofthe mobile
phase were collected at one minute elution
intervals during the course of high performance
liquid chromatography run (0-16 minutes). As

623



Dias, Wallace, Parsons

previously authentic leukotriene standards
monitored by absorbance at 280nm were shown
to coelute within fractions four to 13 minutes,
these were used to measure leukotriene B4

TABLE III Total phospholipidfatty acid composition ofCaCo-2 cells

Oleic Linoleic Arachidonic
Majorfatty
acid Control Mole % Composition

14:0 2-1 (0 1) 1.5 (0-5) 1*7 (0.1) 1*6 (0.1)
16:0 20-9 (1-3) 17-8 (1.9) 19-8 (1.0) 20.5 (1.7)
16:ln-7 7.0 (0.4) 4-7 (0.4)* 4-2 (0.3)* 3.9 (0.3)*
18:0 12-2(1-1) 11-2(0-5) 12-0(0-9) 10-2(1-9)
18:1n-9 27-9(2.6) 39-2(2.5)* 20-2(1-2) 20-5(1-0)
18:1n-7 12-8(1-0) 9-3(0.8) 9-1(0-6) 9-1(0-8)
18:2n-6 1-0(0-1) 0-8(0.2) 14-7(1-3)* 4-7(02)*
20:4n-6 6-7 (0.7) 5.0 (0.3) 9.1 (0.5)* 16-4 (1-2)*
22:5n-6 2-0 (0.8) 1.0 (0.3) 1-5 (0.5) 1-9 (0.6)
22:6n-3 3-2 (1-1) 2.5 (0.9) 2-0 (0.8) 2-2 (0.9)
XSaturates 361 (3.7) 31-1(3-9) 35.2 (2.9) 35-5 (2.9)
XUnsaturates 63-9(4.8) 68-9(3.8) 64-8(3.6) 64.5 (3.9)
En-7 19-8 (1-6) 14-0 (1-2)* 13-3 (0.8)* 13-0 (1 0)*
Xn-9 29-3 (2.0) 43-7 (3 0)* 20-7 (1-2) 20-8 (1-7)
Xn-6 9.1(1.2) 7-0(0.6) 26-8(2.9)* 26f1 (2-5)*
En-3 5.7(1-1) 4.0(0.3) 3-9(0.4) 4-6(0.4)
Unsaturation 115.0(7.9) 112.6(4.4) 127.7(8.6)* 151-8(11-4)*

index:

The fatty acid composition of CaCo-2 cell total phospholipids were analyzed by gas liquid
chromatography. Data are presented as the relative mean (SEM) % fatty acid composition from four
separate experiments * Denotes means that are significantly different (p<005) from the control
group.
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Figure 1: Leukotriene B4 synthesis (nglmg) by CaCo-2 cell monolayers after incubation for
(0-0) 15 minutes; or(-*) 30 minutes with concentrations ofcalcium ionophore A23187,
rangingfrom 0.5 [imol/l to 10 [tmol/l. Means (SEM) of three separate experiments.

M No inhibitor added
MK-886 added (10 ,umol/1)

* p<0.05
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immunoreactivity by our leukotriene B4 radio-
immunoassay.

ProteinwasassayedbytheBradfordmethod,'5
and leukotriene B4 homogenate levels were
normalised to their protein content.

LIPID ANALYSIS

Fatty acids
Lipids were extracted from aliquots of fatty acid
enriched media or cell homogenates by the
method of Folch et al.'6 The fatty acids were
methyl transesterified by the method of Lepage
and Roy. 17 The resulting fatty acid methyl esters
were separated by gas liquid chromatography
using a Supelcowax 10 capillary column
(Supelco, Canada), and a temperature pro-
grammed run from 1500 to 240°C. Under
these conditions fatty acids identified from
standard mixtures ranged from C14:0 to C22:6.
C15:0 was used as the internal standard
and authentic standards were run to identify all
compounds quantified by gas liquid chroma-
tography.

Phospholipids
Separation of phospholipid species was
performed using one dimensional thin layer
chromatography, according to the method of
Skipski et al.'5 Lipid extracts from cell homo-
genates were spotted onto silica gel H plates and
developed using chloroform methanol acetic
acid water (50:30:8:4, vol/vol). The plates were
carefully dried in nitrogen flushed tanks,
visualised by fluorescence, and identified by
retention factors of known standards run on the
same plate. Appropriate regions of silica were
then scraped into reaction tubes, containing
C15:0 as internal standard and the phospholipid
fatty acids were methylated as above. Fatty acid
methyl esters were then extracted from the silica
gel and injected onto the gas liquid chromato-
graph. The relative fatty acid composition and
mole weight per cent of each phospholipid
species was estimated using the method of
Christie et al. 19

STATISTICAL ANALYSIS
All data are expressed as the mean (SEM).
Comparisons between groups were calculated
with the Student's t test for non-paired data.
With all statistical analyses, an associated
probability (p value) of -s5% was considered
significant.

Results

ENRICHMENT MEDIA FATTY ACID COMPOSITION
The fatty acid composition of the control, oleic
acid enriched, linoleic acid enriched and
arachidonic acid enriched media are shown in
Table I. Oleic acid, linoleic acid and arachidonic
acid comprised approximately 68%-70-1% of
total fatty acids comparison with the control
media, which contained 16-6% oleic acid, 5.6%
linoleic acid, and 7-2% arachidonic acid.
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Figure 2: Leukotriene B4 synthesis (nglmg) in CaCo-2 cell monolayers enriched with
various fatty acids before(_, no inhibitor) and after(In) treatment with 10 gmolll
MK-886. Means (SEM) ofsix separate experiments. (*) Denotes groups that are
significantly different (p<005)from control group.

i a i i i

-_i

624



LTB4 synthesis in the CaCo-2 cell

lo o> LTB-4 standard
- Blank

I -- - UR W*W-~~W ~-
4 5 6 7 8 9 10 11 12 13

o--o CaCo-2 cell
I - MK-886 treated

CaCo-2 cell

C>

- - -
4 5 6 7 8 9 10 11 12 13

HPLC fraction no.

Figure 3: High performance
liquid chromatography
(HPLC) profile of
immunoreactive leukotriene
B4 standard with blank
(upper panel), and CaCo-2
cell homogenate extracts
before and after treatment
with MK-886 (lower
panel). Extractsfrom
CaCo-2 cell homogenates
demonstrated significantly
large immunoreactivity in an
eluate collection period
cochromatographing with the
leukotriene B4 standard, and
this was subsequently
markedly attenuated after
pretreatment ofthe cells with
a specific 5-lipoxygenase
inhibitor MK-886.

PHOSPHOLIPID AND FATTY ACID COMPOSITION

AFTER ENRICHMENT
The mole quantity, and per cent fatty acid
composition of major phospholipid subspecies
found in CaCo-2 cell homogenates are shown in
Table II. Compared with the control, enrich-
ment of the media with oleic, linoleic, or
arachidonic acids caused significant increases in
the mole concentrations of phosphatidylcholine
and phosphatidylethanolamine with a decrease
in phosphatidylserine. The concentration of
phosphatidylinositol was significantly raised
from control, most notably with linoleic acid or

arachidonic acid supplementation of the media.
Media fatty acid supplementation also caused
changes from control in the relative percentages
of the phospholipid subspecies (Table II). The
relative percentage ofphosphatidylethanolamine
increased, and phosphatidylserine decreased,
with all three unsaturated fatty acid enrichments,
whereas phosphatidylinositol increased only
with linoleic or arachidonic acid supplemen-
tation, when compared with control.
The fatty acid mole per cent composition in

CaCo-2 cell total phospholipids of CaCo-2 cell
homogenates are shown in Table III. As
expected, enrichment of the media with oleic
acid, linoleic acid or arachidonic acid significantly
increased these respective fatty acids in the total
cell phospholipids compared with control. In
addition linoleic acid supplementation caused an
increase in the arachidonic acid, whereas
arachidonic acid supplementation resulted in an
increase in linoleic acid content of cell total
phospholipids. In contrast with significant
changes in monounsaturated and poly-
unsaturated fatty acids, saturated fatty acid
levels were not significantly altered from control
in the phospholipids of these cell homogenates
(Table III).

LEUKOTRIENE B4 SYNTHESIS IN CACO-2
HOMOGENATES AFTER STIMULATION
In three separate experiments CaCo-2 cells were
stimulated by adding calcium ionophore
(A23187) at concentrations ranging from 0.5 to
10 [tmol/l. After 15 to 30 minutes leukotriene B4

was measured in cell homogenates. As shown in
Figure 1, there was a dose and time dependent
increase in leukotriene B4 synthesis after adding
the ionophore. Because the highest rates of
synthesis of leukotriene B4 was found in cells
after a 30 minutes incubation with 10 tmol/l
A23187, these conditions were subsequently
used to investigate leukotriene B4 synthesis after
cell membranes were enriched with various fatty
acids.

EFFECTS OF DIETARY FATTY ACID ENRICHMENT
AND MK-886 TREATMENT ON LEUKOTRIENE B4
SYNTHESIS IN CACO-2 HOMOGENATES
In six separate experiments CaCo-2 cells were
cultured in oleic acid, linoleic acid and arachi-
donic acid enriched media (Fig 2). The synthesis
of leukotriene B4 measured in these cells after
stimulation with A23187, was found to be
increased 3*2-fold, 5'5-fold, and 6' 1-fold from
control after cell phospholipids had been
enriched with oleic acid, linoleic acid, and
arachidonic acid, respectively. The increase
leukotriene B4 synthesis in these cells after
treatment with MK-886 was inhibited 94'1%,
85.6%, 89' 1% and 79'2% in control, oleic acid,
linoleic acid, and arachidonic acid enriched cells,
respectively.

Figure 3 shows the reversed phase high
performance liquid chromatography analysis. In
the top figure a standard containing 12'4 ng of
leukotriene B4 (with a corresponding blank run),
gave a maximised immunoreactive peak eluting
at fraction number 8. In cell homogenates
(bottom figure) run under identical conditions,
we were able to resolve a coeluting immuno-
reactive leukotriene B4 fraction. In addition in
cells that were pretreated with a specific 5-
lipoxygenase inhibitor MK-886, the leukotriene
B4 immunoreactivity coeluting in this fraction
was markedly attenuated. These experiments
thus established the presence of immunoreactive
leukotriene B4 synthesised by these cells as
resolved and separated by an alternate method
high performance liquid chromatography.

Attempts were also made to measure
leukotriene B4 concentrations in the medium.
After the 30 minute stimulation period with
A23187, we were unable to detect significantly
increased levels ofleukotriene B4 in the medium.
Leukotriene B4 levels were measurable, how-
ever, in the cell media of unstimulated cells. For
example, control (71 (12) pg/ml), oleic (128 (18)
pg/ml), linoleic (147 (35) pg/ml) and arachidonic
(295 (32) pg/ml).

Discussion
In this study we have shown for the first time that
a human colonocytic epithelial cell line (CaCo-2)
is capable of synthesising leukotriene B4. In
addition, the synthesis of leukotriene B4 after
stimulation with calcium ionophore can be
modulated by altering the fatty acid phospholipid
composition, or by inhibiting intracellular 5-
lipoxygenase activity. MK-886 has a mechanism
of action distinct from previously described 5-
lipoxygenase inhibitors.20 It appears to specifi-
cally block activation of 5-lipoxygenase by
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inhibiting the translocation of this enzyme from
the cytosol to the plasma membrane.2'

Leukotriene B4 is a potent proinflammatory,
chemokinetic, and chemotactic agent that is
believed to modulate inflammatory responses in
the gastrointestinal tract.23 While CaCo-2 cells
have recently been shown to actively metabolise
lipoxygenase products, though 3-oxidation,2'
there have been no previous reports that these
cells can synthesise eicosanoids. It has been
demonstrated that intestinal biopsies of patients
with inflammatory bowel disease are capable of
synthesising large amounts of prostaglandin E2,
thromboxanes, and leukotrienes.7 Also it has
been reported that isolated rat colonocytes are
capable of synthesising leukotriene B4, in
addition to other eicosanoids.8 Whereas the
primary cellular source of leukotriene B4 in
experimental colitis is the neutrophil,6 there is
scant information on sources ofLTB4 production
in the normal mucosa.
The results of our study are consistent with

previous reports showing that the CaCo-2 cell is
capable of incorporating into its cellular phos-
pholipids significant levels of exogenously added
fatty acids.2324 Our data show that membrane
phospholipid molar concentrations as well as
fatty acid composition are substantially modified
by growing these cells in fatty acid enriched
media. The results of the present study are
generally consistent with data previously
obtained in other cell lines, reviewed by Spector
and Yorek.25 Specifically n-6 (18:2n-6 or 20:
4n-6) polyunsaturated fatty acid enrichment
increases the molar concentrations of phos-
phatidylethanolamine and phosphatidylinositol,
relative to phosphatidylserine, while simul-
taneously enriching the fatty acid composition of
these phospholipids. Similarly, normal tissues of
animals and humans can also be altered by
changes in dietary fats.26

Modification of the availability of fatty acid
substrate by nutritional means clearly provides a
mechanism for altering leukotriene B4 synthesis.
The arachidonic acid content of cell
phospholipids were increased by supplementa-
tion of arachidonic acid to the culture media.
Feeding intestinal cells with linoleic acid (18:2n-
6), an essential fatty acid also showed increased
leukotriene B4 synthesis, of a magnitude similar
to feeding arachidonic acid (20:4n-6). The
increased availability of arachidonic acid would
suggest the presence and activity of intestinal
fatty acid desaturases and elongases in these
epithelial cells because arachidonate is the
product, as well as the precursor substrate for
the synthesis of the series-4-leukotrienes. The
demonstration of leukotriene B4 synthesis in
response to calcium ionophore stimulation,
coupled with a direct inhibition of this synthesis
by a specific 5-lipoxygenase inhibitor effectively
suggests that these human intestinal cells of
epithelial origin are capable of participation in
the inflammatory response. The fact that we
were unable to detect significantly high levels of
leukotriene B4 in the media just after stimulation
may be because of the highly polarised nature of
these CaCo-2 cell monolayers,'>'2 since we did
not attempt stimulation experiments on mono-
layers grown on filters.

We have shown that an epithelial cell line in
culture exhibits remarkable similarities to other
inflammatory cells. These cells readily
incorporate free fatty acids into membrane
phospholipids,27 and can modify exogenous fatty
acids by elongation and desaturation.25 Further-
more agonist stimulated deacylation of cellular
phospholipids and the endogenous release of free
arachidonate results in the synthesis of
leukotriene B4, which may be attenuated by
selective inhibition of 5-lipoxygenase activity.

If these results can be extrapolated to human
intestinal epithelial cells, there may be important
implications in terms of our understanding of
intestinal inflammation. The epithelium may be
a source of potent chemotatic factors, such as
leukotriene B4, and may therefore actively
participate in the recruitment of granulocytes.
Production of such factors by the epithelium
would also contribute to the migration of
granulocytes across the epithelial layer, giving
rise to the crypt abscesses which characterise
ulcerative colitis. Finally, if the colonic
epithelium is an important source of leukotriene
B4 production in inflammatory bowel disease, an
explanation may be at hand for the apparently
divergent observations that intraluminal 5-
aminosalicyclic acid decreases the level of leuko-
triene B4 in the colon,29 yet 5-ASA does not gain
access to the mucosa in significant concentra-
tions to account for such an effect.30
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